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Introduction 

Since ancient times, plants have rescued people from many 

illnesses.  Traditional knowledge of herbal medicine has been 

passed down through generations in many cultures 

worldwide. Annually, about two-thirds of the newly identified 

phytochemicals are obtained from higher plants (1). Around 

three-quarters of the global population use plants for therapy 

and prevention. In America, the pharmaceutical industry is 

primarily based on chemical synthesis. However, 

approximately one-quarter of the manufactured drugs are 

derived from plant-based compounds (1).  

 Cordia myxa has many common names according to 

the region it is derived from. In Iraq, it is known as Bumber. 

The plant belongs to the Boraginaceae family and is native to 

the areas between the eastern Mediterranean region and 

eastern India (2).  

 The preliminary phytochemical tests conducted on 

Cordia myxa fruit extract showed the presence of oil, 

glycosides, flavonoids, sterols, saponins, terpenoids, 

alkaloids, phenolic acids, coumarins, tannins, resins, gums 

and mucilage (3). The polyphenolic content of leaves of 

Cordia francisci, Cordia martinicensis, Cordia myxa, Cordia 

serratifolia and Cordia ulmifolia was studied. The studied 

species showed the presence of four flavonoid glycosides 

(robinin, rutin, datiscoside and hesperidin), one flavonoid 

aglycone (dihydrorobinetin) and two phenolic derivatives 

(chlorogenic and caffeic acid) (4) 

 Traditionally, the fruits were taken orally for their 

demulcent characteristics to relieve cough, treat respiratory 

infections and relieve sore throat. The fruit’s pulp was used as 

a paste to soften abscesses, as an emollient to relieve 

rheumatic pain and as an anthelminthic. Leaves macerate is 

used to treat trypanosomiasis and the lotion is used 

externally to relieve bites caused by tse-tse fly (4).The 

pharmacological effects of different parts and extracts of 

Cordia myxa were investigated and revealed analgesic, anti-

inflammatory effects and immunomodulatory activity. 

Moreover, the plant showed effects on blood pressure, 

respiratory functions, as well as anti-stomach ulcer, 

antiparasitic, insecticidal, antimicrobial, antioxidant, hepato 

and cardio-protective effects were observed (4).  
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Abstract  

Iraqi Cordia myxa known as Bumber, belongs to the family Boraginaceae. It contains diverse phytochemicals depending on the plant part 

used. Different parts of Cordia myxa show different phytochemicals with various pharmacological effects. The study aims to evaluate and 
compare the extract yields, total polyphenolic content (TPC) and total flavonoid content (TFC) of extracts obtained by optimized 

ultrasound-assisted extraction and conventional extraction and assess their activity against L. tropica promastigotes, responsible for 

cutaneous leishmaniasis in Iraq. Preliminary phytochemical investigation revealed that Iraqi Bumber leaf extract contains saponin, 

alkaloids, tannins, flavonoids, coumarins and phenolics. The optimum conditions for the highest extract yield were 15 min, 70 % and 40 
kHz. The extract yield percentage obtained by ultrasound-assisted extraction was higher than that of conventional extraction methods at 

14.8 % and 6.93 % of dry extract respectively. The TFC and TPC of the optimized extract were 4 and 3.5 times higher than the extract 

obtained by a conventional method, respectively. Moreover, the current study revealed that promastigote inhibition by Iraqi Bumber leaf 

extract acquired by optimized ultrasound-assisted extraction was 89 % with IC50  38.98 µg/mL. In comparison, inhibition by the extract 
obtained by the conventional extraction method was 75 % with an IC50 of 46.81 µg/mL. For the first time, the TFC and TPC of the Iraqi 

plants were determined, along with their anti-leishmanial activities. The Iraqi plant may be a potential antileishmanial drug or be used as 

an adjuvant with conventional antileishmanial treatments to increase their effectiveness, decrease side effects and shorten the treatment 

period.  

Keywords: antileishmanial activity; bumber; Cordia myxa; Leishmania tropica; polyphenols; ultrasound-assisted extraction 

http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.6981&domain=horizonepublishing.com
https://doi.org/10.14719/pst.6981
mailto:vvtfccba@gmail.com
https:/doi.org/10.14719/pst.6981


NIRAN AL-OGAILI    2     

https://plantsciencetoday.online 

 Leishmaniasis is a parasitic disease spread by the bite 

of infected sand flies. Two major vector species of 

Phlebotomus (sand fly) are involved in cutaneous 

leishmaniasis (CL) in Iraq, including P. sergenti and P. 

papatasi (5). The cutaneous leishmaniasis called, Baghdad 

boil, is caused by species of Leishmania tropica, L. major and 

L. aethiopica.  It has been reported that L. tropica is 

responsible for the majority of CL cases (6). Cutaneous 

leishmaniasis is more common in rural than urban regions of 

Iraq. There is variability in symptoms of CL depending on the 

area, parasite species involved and the patient's immune 

response. The ulcer is painless unless a secondary infection 

by bacteria or fungus has developed. The sores’ size may 

change and remain for a while. The sore may involve the 

nose, mouth and pharynx (7). Iraqi Centers for Disease 

Control (CDC) database determined the incidence of Baghdad 

boil cases between 2008 and 2015 in Iraq. The highest 

percentage (53 %) of CL cases was reported in the Iraqi 

middle and western regions. On the contrary, the lowest rate 

(1 %) of CL cases was observed in the Iraqi Northern areas (8). 

 Current therapies are involved in treating CL with 

variable efficacies and side effects. Topical application of 

paromomycin on lesions showed a wide range of cure rates 

(39 %-82 %) with a lower rate of response in infections caused 

by L. tropica (9). While the treatment with liquid nitrogen is 

painful and may result in scarring. Additionally, Intralesional 

(IL) antimonial injections, like sodium stibogluconate (SSG), 

are regarded as effective with an 83 % cure rate, yet are very 

painful and hence cause inconvenience in many patients, 

especially children, unless performed under anaesthesia (9). 

Due to these problems associated with each treatment and 

the discomfort or adverse effects experienced by the patients, 

in addition to the high incident rate of CL among Iraqi 

children which may result in treatment intolerance and 

patient non-compliance (8) . It necessitates the search for 

potential remedies that are effective against CL with lower 

side effects, toxicity, pain and burden on patients concerning 

the cost or admission requirement.  

 Newer extraction technologies, such as ultrasound-

assisted extraction, possess several advantages. These 

include the use of low or no heat throughout the process, 

maintaining the stability of the extracted target compounds, 

eliminating the use of toxic chemicals, minimal amount of 

solvent utilized, shorter time of extraction, lower operational 

costs, enhanced process efficiency and increased yield and 

quality of the extracted products (10).  

 This study aims to evaluate and compare the extract 

yields and polyphenolic contents of extracts obtained by 

optimized ultrasound-assisted extraction and conventional 

extraction against L. tropica promastigotes responsible for 

cutaneous leishmaniasis in Iraq. 

 

Materials and Methods 

Plant material 

The Iraqi Bambar plant was bought in February 2024 from 

local nurseries in Baghdad and certified by Dr. Sukaina 

Abbass at the College of Science, University of Baghdad. The 

leaves were separated from the plant and washed with tap 

water to remove dirt. Then leaves were dried in an aerated 

room for about two weeks, milled, weighed and kept in a 

tightly closed container until extraction. 

Plant extraction 

For defatting, two hundred grams of ground plant was 

soaked in 600 mL of petroleum ether at ambient temperature 

with occasional stirring for 2 days. After extract filtration, the 

plant material was dried to eliminate solvent remnants. The 

ground plant was divided into two equal parts. One part was 

extracted with ethanol by UAE using a probe-type 

ultrasonicator (Qsonicator LLC/USA), while the other part was 

extracted using the conventional method. The UAE 

experiments were conducted with different parameters, 

including solvent concentrations, time and ultrasonic 

frequency (11).  

Single-factor experimental design  

A single-factor experimental design was used to assess 

optimized conditions for the extraction of the Iraqi Cordia myxa 

leaves. The effect of three factors, each factor with three 

variables was studied, which included ethanol concentration 

used for extraction (50 %, 70 % and 90 %), the time of 

extraction (5, 10 and 15 min) and ultrasound frequencies used 

(20, 40 and 60 kHz). At the same time, the dried plant to solvent 

ratio (1:10) and temperature (25 °C) were kept constant in all 

experiments. By using a probe-type ultrasonicator, the dried 

plant leaves were extracted as a result of their exposure to 

ultrasonic waves and the obtained extracts were filtered and 

dried under vacuum at 40 °C in a rotary evaporator. The dried 

residues were stored at 4 °C in the refrigerator until further 

investigation. Each experiment was repeated 3 times and the 

mean ±  SD of extract yield was calculated. 

Extraction by the conventional method 

For the conventional extraction, the variables used were based 

on the optimal conditions determined by UAE, excluding 

ultrasound frequency, to compare extraction efficiencies 

between the two methods. The plant material was macerated 

in 70 % ethanol in a solid-liquid ratio (1:10) for 24 hr with 

occasional stirring. The extract was filtered and the filtrate was 

dried by a rotary evaporator, weighed and stored in the 

refrigerator until use. The plant residue was re-extracted 

several times until a clear filtrate appeared.   

Preliminary phytochemical evaluation of crude ethanolic 
leaf extracts 

Several chemical tests were employed in phytochemical 

investigations of crude extracts obtained by ultrasound-

assisted and conventional extraction methods (12).  

Saponin (Foam test) 

 In a test tube, 1 mL of extract was added to 9 mL of distilled 

water, agitated for 15 s and left to stand for 15 min. Persistent 

foam of 1-2 cm height was considered positive. 

Alkaloid (Dragendroff’s test) 

Dragendroff’s reagent was added to a small portion of the 

extract. The appearance of orange-brown insoluble residue 

indicated the existence of alkaloids. 

 

https://plantsciencetoday.online


3 

Plant Science Today, ISSN 2348-1900 (online) 

Terpenoids (Salkowski test) 

 A small portion of the extract was dissolved in 2 mL of 

chloroform and then added 3 mL of concentrated H2SO4. The 

appearance of a reddish-brown colour indicated terpenoids. 

Sterols and steroids (Libermann-Burchard test) 

 A portion of the plant extract was dissolved in 5 mL of 

chloroform, then anhydrous sodium sulfate was added to a 

dry chloroform layer, after which acetic anhydride (10 drops) 

and concentrated sulfuric acid (2 drops) were added.  The 

appearance of a bluish-green colour indicated a steroidal 

nucleus. 

Tannins (10 % lead acetate)  

Mixing 1 mL of the extracts with 1 mL of lead acetate (10 %) 

solution indicated the presence of tannins by the appearance 

of a white precipitate. 

Flavonoids (Alkaline reagent test) 

 A few drops of sodium hydroxide solution were mixed with 1 
mL of extract. The appearance of a yellow colour indicated 

the flavonoids.  

Coumarins (Fluorescence response test)  

A few drops of extract were added to the silica TLC plate, 
dried and then sprayed with 1 % reagent of KOH. Blue-green 

fluorescence indicated the presence of coumarins. 

Polyphenols (5 % ferric chloride) 

 1 mL of extract and 1 mL of 5 % ferric chloride solution were 

added. Deep green or deep blue indicated the presence of 

polyphenolic compounds.  

Total flavonoid content (TFC) estimation  

An aluminium chloride assay was implemented to estimate 

the TFC of the extracts of each experiment. Ethanolic Rutin 

standard solution was prepared and then serial dilutions of 1, 

0.50, 0.25, 0.125 and 0.065 mg/mL were prepared. In a test 

tube containing 1 mL of the standard, 0.3 mL of 5 % NaNO2 

was added and left for 5 min. Then, 0.3 mL of 10 % AlCl3 was 

added to the solution and left for 5 min. After that, 2 mL of 1M 

NaOH solution was added to the solution in the test tube, 

followed by distilled water to make up the volume to 10 mL. 

Finally, the solution was incubated for half an hour at 

ambient temperature. A UV spectrophotometer was used to 

determine the absorbance of the solution at 510 nm. The 

solutions of extracts (1 mg/mL) and blank were prepared 

using the same procedure. The Rutin standard curve was 

established by graphing each concentration versus its 

corresponding absorption. The TFC was denoted as (mg RE/g) 

of dried plant. The estimation of TFC was performed in 

triplicate (13). 

 Total phenolic content (TPC) estimation  

The Folin-Ciocalteu method was used to determine the total 
phenolic content of the extracts from each experiment. 

Aqueous gallic acid standard solution was prepared and the 

serial dilutions with concentrations of 1, 0.5, 0.25, 0.125, 

0.0625 and 0.0312 mg/mL were prepared. In a test tube, 1 mL 

of the standard was added. Then, 5 mL of distilled water and 

0.5 mL of Folin-Ciocalteu’s reagent were added to the test 

tubes. The solution was left for 5 min, then 1.5 mL of 20 % 

Na2CO3 was added and the volume was made up to 10 mL 

with distilled water. The solution was left for 90 min at 

ambient temperature. A UV spectrophotometer was applied 

to determine the absorbance of the solution at 760 nm. The 

extracts (1 mg/mL) and the blank solutions were prepared 

using the same procedure. Each concentration of the gallic 

acid standard was plotted against its corresponding 

absorption to establish the gallic acid standard curve. The 

TPC was denoted as (mg GAE/g) of dried plant. The test was 

repeated three times (14). 

Test for anti-leishmanial activity 

The anti-leishmanial activity was conducted according to the 
previous protocol (15) with some modifications. One mg of 

each extract from each extraction method was diluted by 0.5 

% (v/v) dimethyl sulfoxide (DMSO) to acquire a concentration 

of (1 mg/mL) from which serial dilutions were prepared (1000, 

500, 250, 125, 62.5, 31.25, 15.6, 7.81 and 3.9 µg/mL). One mL of 

sodium stibogluconate injection (100 mg/mL) was diluted 

with distilled water to a final volume of 100 mL to acquire a 

concentration of 1000 μg/mL. Serial dilutions were also 

prepared (1000, 500, 250, 125, 62.5, 31.25, 15.6, 7.81 and 3.9 

µg/mL). The antileishmanial drug was used as a positive 

control, while DMSO was a negative control. All test solutions 

were filtered through 0.22 μm Millipore membranes under 

aseptic conditions before seeding. The promastigotes of 

Leishmania tropica were obtained from the Biotechnology 

Research Center / Al-Nahrain University and were employed 

to assess the antileishmanial activity of plant extracts. The 

promastigotes were isolated from patients with cutaneous 

leishmaniasis (CL) in the southern parts of Iraq, where CL is 

endemic. The late log-phase promastigotes were incubated 

in a 12 % fetal calf serum-enriched RPMI medium. For the 

assays, 100 μL of promastigote culture (106 cells/mL) was 

seeded in each well of 96-well flat-bottom plates. Then 10 μL 

of each test extract concentration was added to wells. Plates 

were then incubated for 24 hr at 25 ± 1 °C. Then, 10 μL of MTT 

reagent was incorporated into each well and the plates were 

incubated for 4 hr at 25 ± 1 °C to assess cell metabolic activity. 

After which, DMSO was added and incubated for half an hour 

as a solubilizing solution. A multi-well scanning 

spectrophotometer (ELISA reader) (Organon Teknika 

microwell system reader 230 s/Belgium) was used to measure 

the relative optical density (OD) at 490 nm. The number of 

viable cells directly correlated with the absorbance of the 

formazan produced by metabolically active cells. The assays 

were performed in triplicate. The inhibition percentage was 

calculated according to the formula given. The results were 

expressed as mean ± SD (15). Sample OD is the absorbance of 

the test sample.  

     

 

 

 

Analytical statistics 

All experiments were carried out in triplicate and 

demonstrated as mean ± standard deviation. Calibration 

curves were constructed using Excel 2016. One-way ANOVA 

was employed to determine the influence of various factors 

Control OD - Sample OD 

Control OD 
X 100 

(Eq. 1) 

Percentage of inhibition = 
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on extraction efficiency. Non-linear curve fitting was 

implemented to calculate IC50 values. A p-value ≤ 0.05 was 

regarded as statistically significant.  GraphPad Prism 8 was 

used for these calculations. 

  

Results and Discussion 

The efficiency of both extraction methods was compared by 

evaluating extract yields, flavonoid content and phenolic 

content of Iraqi Cordia myxa obtained by optimized conditions 

of UAE and by the conventional extraction method based on 

several parameters used in UAE.  

Analysis of a single-factor experiment of UAE 

 In the current study, the parameters of UAE were optimized 

using a single-factor experimental analysis. 

Determination of the effect of extraction time on extract yield 

One of the critical parameters affecting extraction efficiency is 
time. The optimal time for the UAE was evaluated for each 

plant and its studied part. To assess the effect of this variable, 

the experiments were carried out for 10, 15 and 20 min with 

other parameters held constant such as 70 % ethanol, 40 kHz 

frequency and solvent/solid ratio (10:1). The optimized time 

was 15 min for the maximum extract yield (1.48 ± 0.02 g/10 g) 

(14.8 %), but further increase in time to 20 min decreased the 

extract yield to (0.87 ± 0.01g/10 g) of dry plant as 

demonstrated in (Table 1 & Fig. 1). The time factor 

significantly influenced (p ≤ 0.0001) the extraction efficiency. 

A previous study showed that 15 min was the optimal 

extraction time of another species of Cordia, in particular 

Cordia dichotoma, with an extract yield of 19.53 % which is in 

agreement with the current study in terms of time factor but 

the yield is higher than Iraqi Bumber may be due to 

interspecies differences (16). The current study's also agreed 

with earlier studies which showed that extending the 

extraction time from 5 to 15 min increased the extraction 

yield of phenolics from Ziziphus jujuba (17). A positive linear 

effect of time was observed on the yield and phenolic 

compounds obtained from the pomace of grapes by UAE 

total flavonoids from grape pomace and hawthorn seed (18). 

While an adverse linear effect of time was demonstrated on 

the yield of pectin derived from sour orange peel and 

phenolic compounds from the shell powder of coconut 

(Cocos nucifera) in the range of 20–60 min (19). As noticed, the 

time factor was influenced by the type of phytochemical to be 

extracted and the plant part. Initially, the yield increased 

when the extraction time increased and decreased when the 

time was extended (20). An increase in the initial time of 

extraction enhanced the solvent penetration into the matrix 

of plant tissue due to the effect of cavitation of ultrasound, 

thus increasing the contact between the solute from the plant 

and the extraction solvent and assisting their diffusion into 

the solvent. The prolonged exposure of plant material to 

ultrasound resulted in solute damage and decreased 

extraction yield (20). 

Determination of the effect of the concentration of solvent on 

extract yield 

In this study, phytochemicals were extracted from the Iraqi 

plant using different ethanol concentrations. Ethanol was 

chosen because it is affordable, environment-friendly, 

categorized as a safe solvent and has a high affinity for most 

phytochemicals, in particular for phenolics. To examine how 

hydro-alcohol concentrations affect yield extract, various 

concentrations of water/ethanol solutions were employed 

while other parameters remained constant. Table 1 and             

Fig. 2 illustrate the impact of solvent concentrations on 

extraction efficiency. The solvent concentration effect was 

highly significant (p ≤ 0.0001) about extract yield. The 

highest extract yield was observed with 70 % ethanol and 

determined as the optimal concentration for efficient 

extraction. The optimal solvent concentration determined 

in the present study agreed with previous research which 

revealed that an increase in alcohol concentration to 70 % 

led to an increase in phenolic and flavonoid contents (21). In 

contrast, another study reported that the optimal ethanol 

concentration for UAE was 50 % in combination with other 

Exp.      Time(min) Solvent (%) Freq.(kHz)Yield  g/10 gm 

1 10 70 40   0.976 ± 0.005 

2 15 70 40 1.486 ± 0.025 

3 20 70 40 0.873 ± 0.015 

4 15 70 20 0.733 ± 0.011 

5 15 70 60 0.816 ± 0.0164 

6 15 50 40 0.94 ± 0.01 

7 15 90 40 0.71 ± 0.017 

Table 1. Experimental conditions of UAE and extract yield of Iraqi 
Cordia myxa 

 

  Fig. 1. Effect of extraction time on the Iraqi C. myxa leaf extracts yield. 
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optimal conditions, leading to considerable contents of 

phenolics and flavonoids, as well as the antioxidant effect 

from mango residue (22). In the current study, the yield 

declined to 0.71 ± 0.0172 g when the ethanol concentration 

was elevated to 90 %.  The results agreed with other 

investigations that observed the same behaviour in 

flavonoids’ extraction from solid wastes of grapefruit (23). 

This may have resulted from a decreased solvent’s dielectric 

constant when the concentration of alcohol increased, 

which contributed to an increase in solubility and diffusion 

of the phenolic compounds. The yield of phenolic 

compounds was increased when ethanol concentration 

increased and an adverse effect on the yield was observed 

when the maximum alcohol concentration was reached. 

Absolute ethanol (near 100 %) may result in dehydration of 

plant tissue, protein denaturation and lower yield. A study 

disagreed with the current results and showed that an 

elevation in alcohol concentration increases phenolic 

compounds’ yield derived from grape seeds and further 

increases the highest alcohol concentration at stable 

temperature and extraction time (18). 

Determination of the effect of ultrasound frequencies on extract 
yield 

The ultrasound frequency may be a pivotal factor that 

influences the extraction effectiveness and is missing in 

conventional methods. This experiment showed that an 

increase in the ultrasound frequency from 20 kHz to 40 kHz 

elevated the yield from 0.733 ± 0.011 g/ 10 g to 1.486 ± 0.025 

g/10 g, proving an increase in extraction performance. An 

additional increase in the frequency to 60 kHz reduced the 

yield to 0.816 ± 0.0164 g (Table 1 & Fig. 3). These observations 

agreed with a previous study that showed a decline in the 

extract yield of Lepidium sativum when ultrasonic frequency 

increased (11) . Researchers studied the influence of varying 

frequencies (40, 80 and 120 kHz) on phenolics extraction 

obtained from pomace of grapes, which showed that 40 kHz 

was most effective, which was in agreement with the optimal 

ultrasonic frequency of the current study (24) . Also, the 

current study's findings agreed with another researcher who 

demonstrated that an increment in ultrasonic frequency from 

18 to 54 kHz elevated the anthocyanin yield from strawberries 

(25) .  

 Cavitation bubbles form and grow when there is a 

definite time of compression and rarefaction cycle, but these 

bubbles will fail to form and grow if the cycle is very short. 

There is an opposite relation between the time of the 

rarefaction phase and ultrasound frequency; so at higher 

frequencies, the cavitation bubble grows in a very short 

duration and prevents its collapse. The enormous bubbles 

created at elevated frequencies provided additional opposition 

 

Fig. 2. Effect of extraction solvent concentrations on the Iraqi C. myxa leaf extracts yield. 

Fig. 3. Effect of ultrasound frequency on the yield of the Iraqi C. myxa leaf extract. 
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to mass transfer (26). As observed from the studies, as 

mentioned earlier, optimization of extraction frequency should 

be determined for each plant species, matrix and 

phytochemical to be extracted. The optimal frequency for the 

highest extract yield of the Iraqi plant was 40 kHz. 

Conventional method for extracting yield  

The extract yield obtained by maceration was 0.693 g/10 g 
(6.93 %) of the dry plant. As observed, the yield obtained from 

UAE was about 2 times greater than the yield obtained from 

the conventional method (Fig. 4). The yield obtained by 

maceration was higher than some previous studies (27–29) 

obtained leaf extract yield of 4.65 % in Indonesia, 6.8 % in 

India and 0.284 g in Iraq. The extract yield of the current study 

was lower than 7.14 % for Indonesian Cordia myxa (30). A 

study revealed that extraction yields obtained by UAE and 

Soxhlet extraction of Cordia dichotoma, a different Cordia 

species, were 19.53 % and 17.01 %, respectively (16). While 

Cordia glabrata showed an extract yield of 1.362 % obtained 

by maceration in absolute ethanol (31). It has been noticed 

that the variation in extract yield among different studies may 

be influenced by the extraction method, extraction 

temperature, extraction solvent, concentration of extraction 

solvent, plant material to solvent ratio, species of plant, origin 

of plant and part used.  

Preliminary phytochemical determination of the Iraqi Cordia 
myxa leaf crude extracts 

The hydroalcoholic extracts acquired from the two extraction 

methods were tested by easy, fast and cost-effective 

phytochemical screening assays (Table 2). The preliminary 

phytochemical analysis of the extract obtained by UAE 

revealed more intense colours by alkaloids, Tannins, 

Flavonoids and Phenolics tests than the extract obtained by 

CE, indicating a higher concentration of phytochemicals. A 

qualitative investigation of the petroleum ether fraction was 

positive for terpenoids and steroids, while negative for 

hydroalcoholic extract. Some preliminary analysis results 

were consistent with another research conducted on Cordia 

myxa leaves in Iraq, except for terpenoids (32). However, it is 

inconsistent with an Iraqi study that showed Cordia myxa 

extract was positive only for alkaloids and negative for other 

phytochemicals (33). Moreover, Iraqi fruit alcoholic extract 

phytochemical screening revealed the presence of many 

phytochemicals: carbohydrates, proteins, glycosides, alkaloids, 

flavonoids, phenolic compounds and tannins without saponins 

(34). Whereas, Pakistani Cordia myxa leaf methanolic/

chloroform extract showed the presence of tannins, coumarins 

and the absence of other phytochemicals (35). The variability in 

the concentrations and types of secondary metabolites in fruits 

and vegetables mainly relies on the biosynthetic pathway 

through plant growth and development. Factors affecting 

phytochemicals in plants include cultivar variation (interspecies), 

environmental conditions (sun rays, temperature fluctuation 

and weather conditions in particular geographical areas), 

agronomic conditions (planting date, fertilisation, watering and 

subsequent plant collection that influence the yield, 

phytochemical content and constituents of both fruit and 

vegetables (36).  

Determination of TFC and TPC 

TFC and TPC were evaluated for the extraction efficiency and 

the’ value of extracts acquired by UAE and CE methods. 

Determination of TFC of the two methods of extraction was 

according to the linearity of the Rutin calibration curve                 

(y =1.0459x + 0.0318) (R² = 0.9964) (Fig. 5). While, the TPC of 

both methods were computed according to the linearity of 

the gallic acid calibration curve (y = 0.7453x + 0.2238) (R² 

=0.9849) (Fig. 6). The levels of TFC and TPC of crude leaf 

extracts of Iraqi Cordia myxa obtained by optimized 

conditions of UAE were higher than those obtained by CE 

suggesting high-quality extract (Table 3). The high extract 

quality of the Iraqi plant obtained by UAE may be influenced 

mainly by the ultrasonic frequency in addition to other 

Fig. 4. The extract yields of Iraqi C. myxa obtained by Ultrasound-assisted (UAE) and conventional extractions (CE). 

 

Phytochemical 
UAEa 

Hydroalcohol 
Maceration 

Hydroalcohol 

Maceration 
Petroleum 

Ether 
Saponin + trace - 
Alkaloids ++ + - 
Terpenoids - - + 
Sterols and steroids - - + 
Tannins ++ + - 
Flavonoids ++ + - 
Coumarins + trace - 
Phenolics ++ + - 

Table 2. The qualitative analysis of hydroalcoholic and petroleum 
ether crude extracts obtained by two methods of extraction of Iraqi 

Cordia myxa leaves 

aUltrasound Assisted Extraction 
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optimized parameters, while the CE method was conducted 

with similar experimental parameters of UAE, including 

solvent concentration, time and temperature, excluding the 

frequency factor.  

 The literature search did not show previous studies 

concerning the TFC and TPC of Iraqi Cordia myxa leaf 

extract. The current study showed that TPC obtained by UAE 

was about triple the amount obtained by the conventional 

method. Similar findings were demonstrated for the TFC 

obtained by UAE compared to CE (Table 4). The TPC and TFC 

of the CE were higher than those in a study, which revealed 

5.25 mg/g and 0.356 mg/g, respectively, for Indian Cordia 

myxa leaves obtained by the maceration method (28).  

Moreover, the current study revealed that optimized UAE (15 

min, 70 %, 40 kHz) contributed to higher phenolic content 

than CE of Iraqi Cordia myxa leaf extract than a study that 

showed that fruit’s peel extract with phenolic content (11.1 

± 1.47 mg/g gallic acid equivalent) obtained by maceration 

(37, 38). Another study showed that the TPC of Iranian 

Cordia myxa methanolic fruit extract obtained by sonication 

was 0.402 mg/g, lower than the TPC of leaves of the studied 

plant obtained by the two methods (38). On the contrary, 

fruit extract of Iranian Cordia myxa obtained by magnetic 

stirrer showed higher TPC and TFC (113.71 ± 0.04 mg of 

gallic acid/g of dried extract and 68.9 ± 0.002 mg of 

quercetin/g of dried extract, respectively) (39). The 

comparison between the phenolic and flavonoid contents of 

adult and young leaves of Cordia glabrata showed 

concentrations of 89.11 ± 0.46 mg EAG g-1 and 15.37 ± 0.11 

mg EQ g-1 respectively (31). It has been observed that the 

polyphenolic content varied according to the region, plant 

part, species, growth stage and method of extraction.  

Evaluation of antileishmanial activity  

The MTT assay is a widely used colourimetric method to 

assess the extent of cytotoxicity of different drugs (40). 

Leishmania tropica promastigotes were used to evaluate the 

potential of leishmanial inhibitory activity of the obtained 

extracts. Literature search did not show studies that 

 

Fig. 5. Rutin standard calibration curve to evaluate TFC of Iraqi C. myxa leaf extracts. 

 

Fig. 6. Gallic acid standard calibration curve to evaluate TPC of Iraqi C. myxa leaf extracts. 

Total Content TFC (mg/g) of dried 
plant 

TPC (mg/g) of 
dried plant 

UAE 8.26 ± 0.115 27.43 ± 0.150 

CE 2.33 ± 0.097 8.94 ± 0.167 

Table 3.  TFC and TPC of Iraqi Cordia myxa leaf extracts obtained by 
Ultrasound-Assisted Extraction (UAE) and Conventional Extraction 
(CE) 

Log IC50 
Control 

1.567 
UAE 

1.591 
CE 

1.67 

IC50(μg/ml) 36.87      38.98 46.81 

Inhibition (%) 96.46 ± 2.0 89.26 ± 0.96 74.56 ± 0.97 

R2 0.9981 0.9929 0.9990 

Table 4. Log (IC50), IC50, Inhibition (%) and R2 of Sodium Stiboglu-
conate (Control) and extracts obtained by UAE and CE 



NIRAN AL-OGAILI    8     

https://plantsciencetoday.online 

investigated the leaf extract of Cordia myxa against L. tropica 

promastigotes. The antileishmanial activity was dose-

dependent and expressed as a percentage of inhibition (%) 

and the IC50 (μg/mL) was determined by plotting inhibition 

(%) against Log (concentration) of each extract and control 

(Table 4 & Fig. 7). The current study revealed that 

promastigotes inhibited by Iraqi Bumber leaf extract acquired 

by optimized UAE was 89.26 ± 0.96 % with IC50 38.98 µg/mL. In 

contrast, the inhibition by the extract obtained by CE was 

74.56 ± 0.97 % with IC50   46.81 μg/mL. Whereas, the control 

showed an inhibition of 96.46 ± 2.0 % with a half-maximal 

concentration of 36.87 μg/mL. The IC50 of the optimized UAE 

extract was close to the IC50 of the positive control, indicating 

an extract of high potency and high quality with higher 

polyphenolic compounds than the extract obtained by CE. 

 It was earlier noted that C. myxa mucilage extract was 

effective on two promastigote species of Leishmania, 

including L. major and L. infantum, with an IC50 of 26 ± 2.2 mg/

mL and 35 ± 2.2 mg/mL, respectively (41). The percent 

inhibition after 72 hr treatment of L. major and L. infantum 

promastigotes was 16.68 % and 16.68 %, respectively, at the 

extract’s highest concentration. The study showed a lower 

inhibition percentage and higher half-maximal concentration 

compared to the present study, suggesting that Iraqi Bumberl 

leaf extracts are richer in phytochemicals than the mucilage 

extract of the plant and L. tropica promastigotes are probably 

more sensitive to the extracts than L. major and L. infantum.  

Many studies of different plant extracts have been conducted 

against other species of cutaneous leishmaniasis. Species-

specific variability in drug sensitivity necessitates individual 

testing of each extract. It has been observed that there was 

species variability in sensitivity toward polyphenolic extracts 

of different plants. It was observed that there are differences 

between species and unpredictable behaviour toward drugs. 

So, each drug must be investigated on a species-by-species 

basis to guarantee its effectiveness (42). Phytochemical 

investigations considered that Bumber is rich in trace 

elements (such as selenium, copper, zinc, iron and 

manganese), phenolic and flavonoid compounds (robinin, 

datiscoside, rutin, hesperidin, dihydrorobinetin, caffeic acid 

and chlorogenic acid) (43). Reports are available on the 

impact of selenium compounds on leishmanial activity. The 

investigation mentioned that selenium-containing 

compounds, considered as the new anti-leishmanial drugs 

against two forms of Leishmania parasite (amastigotes and 

promastigotes), possess more powerful activity and reduced 

cytotoxicity than conventional treatments (44). Several 

studies concerning flavonoids’ antileishmanial activity have 

been conducted. The biological processes of the leishmania 

parasite depend on Iron for growth and survival. The 

chelating property of flavonoids may be exploited to chelate 

the iron of the parasite and inhibit growth by causing 

mitochondrial dysfunction and changing the iron-dependent 

enzyme expression (45). The ability of flavonoids to chelate 

iron may contribute to alterations in cell morphology and 

cycle (45). The metal complexes of Fe (II), Fe (III) and Cu (II) 

ions with rutin, taxifolin, epicatechin and luteolin showed 

significantly greater effect against leishmania than free 

flavonoids (46). Bumber plant contains flavone derivatives 

and Rutin and the literature has revealed the impact of 

flavones against leishmania through different mechanisms 

(4). The antileishmanial activity of Arrabidaea chica against 

promastigotes of L. amazonensis when exposed to flavone-

rich fraction and Luteolin resulted in subcellular changes of 

the parasite, such as extreme vacuole formation in cytoplasm 

and swelling of mitochondria (47). The effects of Rutin against 

sodium stibogluconate (SSG) sensitive (S-) and resistant (R-) 

strains of L. donovani are evaluated (48). The study 

demonstrated that the anti-promastigote effect of Rutin was 

through cell arrest at the G0/G1 phase. NF-ĸB and iNOS gene 

expression were up-regulated by Rutin in mice infected with 

sensitive and resistant strains. Also, it has been shown that 

flavonoids could combat anticancer and antileishmanial drug 

resistance by binding to the nucleotide-binding domains 

(NBD) of the ATP-binding cassette (ABC) transporters. These 

cellular episodes increase in hydrophobic interactions, 

leading to multi-drug resistance inhibition (49). 

 

 

 

 

Fig. 7. Percentage of inhibition of L. tropica promastigotes by control and Iraqi C. myxa extracts obtained by optimized UAE and CE against 
Log (concentration) values. 
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Conclusion 

Using two extraction techniques, this is the first to 

investigate the polyphenolic content and antileishmanial 

activity of Cordia myxa leaves from Iraq. UAE obtained the 

highest yield of extract with optimal conditions of 15 min, 70 

% ethanol and 40 kHz at constant temperature and solvent-

to-solid ratio. The TFC and TPC results of the optimized UAE 

were approximately 4 and 3 times higher than CE, 

respectively. The efficiency of the UAE exceeds conventional 

extraction by improving the yield and lowering solvent 

consumption with a shorter extraction time. The inhibitory 

effect of L. tropica promastigotes was greater with the 

optimized extract than with the extract by a conventional 

method, indicated by the lower IC50. The high potency of the 

optimized extract may be due to its high quality and higher 

polyphenolic content compared to the extract obtained by 

CE. The Iraqi plant may be a potential antileishmanial drug 

or be used as an adjuvant with conventional antileishmanial 

treatments to increase their effectiveness, decrease side 

effects and shorten the treatment period. Further, in vivo 

studies are important to assess the antileishmanial effect of 

Iraqi Cordia myxa leaf extract.  
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